Home parenteral nutrition (HPN) is a well-established intervention to sustain life in malnourished patients at home. Because it is difficult for patients with anorexia nervosa (AN) to gain weight or stop purging, such patients require repeated hospitalizations. Although HPN has not been commonly used for AN patients in Japan, we utilized this approach to treat seven AN patients. We herein present the clinical course and outcome of these seven patients, the application criteria for HPN in our institution, and the potential problems associated with HPN. Despite its complications, HPN may be a useful measure to help patients with persistent AN avoid multiple hospitalizations.
Introduction
Patients with anorexia nervosa (AN) develop anorexia or binge eating with purging as a stress-coping mechanism that serves to distract them from difficulty or pain. Because patients with AN do not readily accept body weight gain or cease binge eating/purging, it seems unlikely that patients with serious AN (along with physical and psychological comorbidities) will respond to psychotherapy. Such patients at high risk of death (1) require repeated hospitalizations and the use of total parenteral nutrition (TPN) to treat their complications or save their lives (2) (3) (4) .
There are no eating disorder centers in Japan, and therefore patients with serious AN have to enter hospital wards in departments where the medical staff is not familiar with the illness or abnormal behaviors of patients with AN and, thus, less able to cope with or treat them. Recently, the Ministry of Health, Labour and Welfare in Japan has promoted home medical care to reduce medical expenses. Home parenteral nutrition (HPN) is a well-established intervention that can sustain life in patients with gastrointestinal failure or cancer. In Western countries, HPN has been used for patients with AN since the 1980s (5) . It is difficult to determine whether patients with AN can successfully use HPN, as there are only a few reports on HPN in patients with AN, and the role and indications for HPN therapy in such studies are mostly not discussed (6, 7) .
Although HPN has not been commonly used in patients with AN in Japan, we used HPN in seven women with severe and/or long-term AN. We herein report the clinical profiles of the patients, reasons for use of HPN, details of HPN, and outcomes of these patients, as well as the criteria for use of HPN for AN patients in our institution. tient's perception of body weight or shape and intense fear of gaining weight despite being underweight; 4) onset at younger than 30 years; 5) amenorrhea in females; and 6) ruling out of other illnesses, including psychiatric disorders, that could account for anorexia and weight loss. The duration of illness before administration of HPN ranged from 3 to 20 years, and all patients had been hospitalized from 5 to 14 times. Cases 1-3 had restricting-type AN. Cases 1 and 2 could not increase their food intake due to stubborn digestive symptoms and a fear of eating. Because they could not tolerate any food in their stomach, they rejected enteral nutrition therapy. They also did not accept psychotherapy. Case 3 disliked eating rice, meat, and oily foods (typical of most patients with AN) and had allergies to dairy and soy products. She was also afraid of eating several kinds of foods. Case 3 required repeated hospitalizations due to lifethreatening emaciation without adequate oral feeding. TPN during hospitalizations increased her body weight; however, she quickly lost body weight soon after discharge. Although we recommended home enteral nutrition through an enteral diet containing amino acids, she preferred HPN to home enteral nutrition. Cases 4-7 had binge eating/purging-type AN complicated with pseudo-Bartter syndrome. Case 4 carried out habitual self-induced vomiting and abuse of a purgative. She had uncontrollable electrolyte imbalances (serum Na, 124 mEq/L; K, 2.4 mEq/L; Cl, 76 mEq/L) despite oral supplementation with sodium chloride and potassium chloride. Cases 5-7 also carried out habitual self-induced vomiting and showed dehydration, electrolyte imbalances, and renal failure. The lowest levels of serum K (mEq/L)/blood urea nitrogen (BUN; mg/dL)/creatinine (mg/dL) of Cases 5, 6, and 7 were 2.3/25.3/1.22, 2.5/62.9/5.78, and 2.9/75.4/8.38, respectively. All three patients repeated hospitalization due to hypokalemia and renal failure. Because the patients would vomit whatever was put into their stomachs, we did not administer enteral nutrition. Case 7 received percutaneous endoscopic gastrostomy because she had vomited approximately 2 liters per day; however, she vomited most of the nutrients she received from enteral nutrition. Therefore, she received intravenous injections of glucose and electrolyte solution (1,000 mL) three times a week after discharge.
All patients needed, but resisted, hospitalization for treatment of AN. Cases 1-3 did not accept enteral nutrition and we speculated that enteral nutrition therapy would be less effective for Cases 4-7 than parenteral nutrition due to their habitual vomiting. The medical care team, the patients, and their families together decided to try HPN as a last resort. Informed consent for HPN was obtained from the patient and the family. All patients were hospitalized and catheters were inserted by surgeons or anesthesiologists at Tokyo Women's Medical University. During hospitalization, for approximately 1 week, nurses in the Department of InHome Medical Care instructed patients and their family in how to perform HPN until they could do it independently. A series of FULCALIQ solutions (Tanabe Seiyaku Co., Ltd. & Terumo Corporation, Tokyo, Japan) were used. FUL-CALIQ does not require the separate addition of vitamins because it contains multivitamins, dextrose, amino acids, zinc, and electrolytes supplied in a triple-chamber bag. The total energy of FULCALIQ 1, FULCALIQ 2, and FUL-CALIQ 3 are 560 kcal, 860 kcal, and 1,160 kcal, respectively. We discussed the daily content of intravenous feedings with the patients, and they decided which bag they could accept. Although most patients with AN hate ingesting fat, they were taught the importance of essential fatty acids. An infusion of a 250 mL intravenous fat emulsion was used once or twice a week except for Case 3, whose allergy to dairy and soy products prohibited ingestion; instead, Case 3 took grape seed oil and sesame oil orally, which contain high levels of omega-6 fatty acids. Case 7 took 1,000 mL physiological saline, 200 mL of 50% glucose, Hicaliq 3 (Terumo Corporation), which is a TPN solution containing dextrose, zinc, and electrolytes, and 400 mL of Kidmin injection (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), which is an amino acid solution for renal failure.
Visiting nurses helped five patients once a week and checked to see whether infusions were being done correctly. Five patients had cooperation from neighborhood hospitals when they needed urgent medical assistance. Although the home central venous feeding method instruction management charge and the expense of infusions were 62,500 yen and approximately 40,000 yen, respectively, the total monthly cost was estimated to be one third the cost of hospitalization. Moreover, only 30% of those costs were out-ofpocket expenses for patients; their taxes were subtracted according to the "large amount of medical expenses" tax reduction.
The HPN observation period of the seven cases ranged from 14 to 104 months. Case 1 continued HPN, Case 5 stopped HPN, and Cases 2, 3, 4, 6, and 7 ended HPN. Case 1 suffered from exit-site infection but was successfully treated with antibiotics. She also experienced catheter rupture and had the catheter removed. However, she subsequently lost weight and had a new catheter reinserted. During HPN treatment, her cognition improved and she was able to gain body weight. She gained 9 kg due to HPN and a reduced caloric intake of infusion by switching from FUL-CALIQ 3 to FULCALIQ 2 but could not eat enough to maintain her body weight. She showed liver dysfunction and biliary sludge. However, her liver dysfunction improved after the reduction of total caloric intake of infusion and her liver echogram did not indicate fibrosis. Case 2 gained 9 kg and ended HPN following a catheter-related bloodstream infection (CRBSI). However, she subsequently lost weight and was hospitalized twice. Case 3 could work part-time due to an improvement of her nutritional state by HPN, but experienced a CRBSI and had the catheter removed. Because she could not keep her body weight up, she had to resume HPN and subsequently gained 6 kg. However, she got another CRBSI and then ended HPN. She learned the high risk of CRBSI of HPN and enthusiastically increased her body weight by more than 8 kg to a BMI of 18.8 kg/m 2 , thus resulting in the resumption of menstruation. Although Case 4 showed hyponatremia and hypokalemia due to large amounts of vomiting, she regained an understanding of her illness, successfully increased her body weight to a BMI of 18.4 kg/m 2 and then ended HPN. She resumed menstruation and has worked full-time. Case 5 gained 5 kg of body weight and controlled her hypokalemia. However, she asked that HPN be withdrawn due to fear of further weight gain. We did not force her to continue HPN and she stopped HPN after 17 months. However, she was hospitalized in a neighborhood hospital twice due to dehydration and administered glucose and electrolyte infusion via an HPN catheter. Case 6 was able to control her hypokalemia and work part-time while receiving HPN. However, she sometimes threw away the contents of the infusion because of a fear of weight gain. Therefore, HPN was ended when she developed a CRBSI. However, she learned that body weight gain allowed her to work and make money. She became open to medication for obsessive-compulsive disorder and increased her body weight to a BMI of 13.1 kg/m 2 by herself. Although Case 7 complained of an increase in water volume or energy of infusion, the content of infusion was decided based on her serum BUN/creatinine levels. She suffered from hypercalcemia due to dehydration and relative excess of vitamin D. She increased her body weight to a BMI of 14.4 kg/m 2 and became less negative to treatment. Her current serum BUN and creatinine levels were 18.3 mg/dL and 2.67 mg/ dL, respectively. Unfortunately, she got a CRBSI, ended HPN, and currently receives peripheral infusions three times a week at a hospital near her house.
All seven patients were able to avoid re-hospitalization for life-threatening emaciation, renal failure, or electrolyte imbalances during HPN therapy. Case 1 was able to undergo minor surgery that had been postponed due to her malnutrition. Cases 2 and 7 enjoyed trips with their families, which were previously not possible. Cases 3 and 6 were able to work while receiving HPN therapy. Case 3 and 4 completely recovered from AN.
Discussion
Several problems were experienced with HPN that were specific to the presented cases. These problems were associated with the application criteria of HPN, special considerations for using HPN, the endpoints of HPN, and medical economics.
The decision to use the TPN method for very limited and strictly chosen patients with AN has more advantages than disadvantages compared with oral feeding (9) or enteral nutrition. Because most patients with AN have strong phobias of weight gain, the treatment of these patients using TPN may be dangerous, even if performed in a hospital (4). The risk would be greater in a home where constant medical supervision is absent (7) . Therefore, the use of HPN for patients with AN should be strictly controlled based on specific criteria. Our institution has the following seven criteria for the use of HPN in patients with AN: 1) the patient shows severe emaciation of around <55% of the ideal body weight; such patients are recommended for urgent admission according to the 2007 guidelines for AN by the Survey Committee for Eating Disorders in Japan; 2) the patient has life-threatening complications that cannot be addressed without TPN at the hospital when other nutritional supports fail (including oral feeding or enteral nutrition); 3) the patient has a history of repeated hospitalizations and aggravation of disease after discharge, and the family thus suspects that the next hospitalization will result in the same outcome as before; 4) the patient is unwilling to enter a hospital; 5) the patient (as well as the family) can learn how to perform HPN, perform it, and provide informed consent for HPN; 6) the patient lives with his/her family or loved ones; and 7) the patient can obtain assistance from home nursing care, a pharmacy, or a regional hospital.
The most frequent HPN complications are infections (10, 11) . The infection rate is highly variable and depends on the patient's clinical conditions and the antiseptic techniques used by the administrators. The CRBSI rate has been reported to be 0.38-4.58/1,000 days (12) (13) (14) . Four of the present seven cases experienced CRBSI. The infection rate was 0.93/1,000 days. Although liver failure is uncommon in adults receiving long-term parenteral nutrition (15) , Case 1 showed mild liver dysfunction and biliary sludge (16) under supplementation with necessary fatty acids. In this circumstance, reducing the number of calories in the infusion may improve liver dysfunction; namely a change from 1,160 kcal to 860 kcal a day normalized the liver dysfunction in Case 1. It has been previously reported that patients with HPN suffer from fatigue and depression and experience limits in social activities (17) . AN patients and their families must carry out HPN with proper antiseptic techniques. Therefore, the difficulties and complaints concerning HPN need to be acknowledged, and the patient's efforts need to be praised.
It is possible that patients receiving HPN may use their central venous catheters in various ways to engage in selfharm (18) . However, no such incidents were seen in the present cases. Of particular note, patients with AN persistently worry about weight gain. Therefore, sudden increases in the energy content of HPN need to be avoided. Prolonging the patient's life via HPN may be enough. Patients with AN need to be reassured that HPN can be stopped at any point.
It is well known that chronic starvation changes physical, psychological, and social functioning even in healthy subjects. In the Minnesota experiment, healthy subjects who took part in 3 months of semi-starvation showed an increase in depression, hysteria, neurosis, apathy, compulsion, changes in personality, and impaired cognition (19) . Psychotherapy is not effective in malnourished patients. TPN has been used to restore the psychological stability of patients with AN (20) . Although Cases 3, 4, 6, and 7 were chronically treatment-resistant patients with AN, Cases 3 and 4 were able to recover and Cases 6 and 7 did not need hospitalization after ending HPN. Re-feeding by HPN may improve these starvation-induced emotional and cognitive symptoms in enduring patients with AN.
The end-point of HPN in a severe AN patient is ideally achievement of a desired weight (not the ideal body weight), control of medical complications without HPN, and sufficient oral intake including enteral nutrition therapy. It is clear that HPN should be temporary and only a life-saving measure for patients with AN (21). However, HPN was not ended in Case 1 who was unable to maintain her minimum body weight due to persistent digestive symptoms without HPN. In the future, determining how to end HPN in such a patient is a serious concern that needs to be addressed.
AN is an expensive illness to treat and it is also associated with a high mortality rate. A study in Germany found that the cost of hospitalization of patients with AN was markedly higher than the average hospitalization cost (22) . Furthermore, some insurance companies refuse payment for such care in the United States. In Japan, the medical cost for one month of HPN is estimated to be one third the cost of hospitalization. Therefore, HPN may make sense from an economic standpoint for suitable patients.
In conclusion, HPN may be a useful treatment option for patients with enduring AN to avoid multiple hospitalizations, despite possible HPN-related complications. However, the occurrence of CRBSI and the termination of HPN in patients with severe AN who cannot control their physical morbidities remain as major problems which must be carefully taken into consideration when determining the optimal treatment regimens for such cases.
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